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ON THE INFLUENCE OF THE MAGNETIC FIELD ON THE
CHARACTER OF TURBULENCE IN THE IONOSPHERE

G.S.GOLITSYN (MOSCOW)

A great variety of physical conditions is characteris-
tic - of the upper atmosphere along the vertical. At the height
of 80-100 km. and higher the atmosphere becomes noticeably
conductive and various processés there begin to undergo the
influence of the Earth magnetic field. In the present paper
we shall consgider the quesfion of the influence of the mag-
netic field on the character of turbulent motions in the
ionogphere. It seems reasonable for the purpose to use the

a

equations of magnetohydrodynamics of incompressible viscous

fluid:

T -~ L. 73 { “"—‘ =2
%’.g + (1)-\7)1}' - —J)L -+ Zﬁf)-[ro*l‘H H[ + »)a"lf/ (1)
H oty H e H Vo == /Y6 | (2)
divV =0, (3)
deﬁ‘;

(4)

The parameter V,, is the so-called magnetic vis~
cousity which is inversely proportional to conductivity of

the medium ¢ (in the Gauss system of units the dimension

. -1 .
of & is equal to sec ), Other notations used are ordi-
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nary.

' Let us consider some consequences of these equations.
Consider the characteristic scale of motion L and the cha-
racteristic velocity (/ . Then the ratio of terms in the right-

side oi the equation (2) has the order of magnitude

Vi

the so0-cafled
R,u ig reffered to-ae—the magnetic Reynolds num-

-—(-/—é':Qm (5)

The number
ber. It is usefull to kepp in mind its connection with hydro-

dynamical Reynolds number:
R.=RL . o
™ Ve | (5')

1f for the considered kiﬁd- of motion K, is much greater
than unity then the term of the equation(2) describing the
dissipation of fields can be neglected and the well‘known
theorem about the- frozeness ef—ihe fieldsinto—fiuid is valid,
According to this theorem the movements of the force lines
of the magnetic field are impossible with respect to the
medium. In this case the field has the same soale change as
the other quantities. The role of the field in the djnamios
of the medium can be characterized ( See Eq.(l)b with a.

parameter
7.: HL/JWP . _ o (6)

The influence of the field is not essential if 1 <L 1.

Let's consider the second extreme case ‘when R,.,Sl.

In the equation (2) the term describing the dissipation
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of the field due to finite conductivity surpasses ohe des-
cribing the inductional increase of the field due to the
movements in the fluid. In this case the scale change of the
field is mainly determined by conductivity ofthe fluid and.
it ie equal in order of magnitude to L, = ‘/m/U « Let's esti-
mate the influence of the field here. In the Navier-Stokes
equation the term VP has the order of magnitude P/L. y the
term .L—I’,]-,_-Z;Ofﬁ‘ﬁ] is of the order H"/cf:f[,,'—l‘ﬁ‘(//fm/,,and it8 ratio is
equél to the number}
— Y2 - :
K = H UL/XJ?VM/? = R 7).
The influence of the magnetic field is negligible if K < 1.
| We shall turn now to considerafion of the turbulence in
the conductive medium in the presence of the magnetic field.
If the influence of the field on the minimum scales of turbu-
lence is not essential, it might be assumed that dissipation
of the turbulent energy is the result of the effect of vie-
cousity.The small scale turbulence will then be of the usual
character and will be similar to that of the usual atmospheric
turbuleyjice. For the inner (minimum) scale of turbulence 4; in
the well-developed turbulent stream the own Reynnlds number
uoél4/u is»equal to unity in the order of magnitude, In

this case the condition (&) will become
V== 1. (8)

When here ypithe influence of the field can be neglected.
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If v 1o creater than unity or has its order of magnitude
it may be expected that the usual reprensentation of the - theoxry

of turbulence will looge ite validity as the strong magnetic

field in this cagse stabilizes the movements ol the greater
scales than 41 .

Let'a conoider the mediwn with bad conductivity.
The influence of the field on turbulence as obtained from

the condition (9) is not essential if

The criteria () and (9) have been applied to the real con-
ditions of the upper atmosphere for the purpose of clarifying
the guestion whether the Barth maghetic field influences on
the character of turbulence. The results for different heights

are tabulated below.

2 kM \/mcm/naec w/m";sﬁcl v dem

Criterium(8)or(9)

SRS S

80 17.100° |2.100 |2.107° 0.4 Vi V=5+1070 < 1

100 |2.10%% |10° 1073 |6 Y Vu=5.10" = 1
150 |10 f2.207 |o.1  |5.10° Vg fla=2.10° <L 1
200 [5.10° |2.10% |1 104 Vo fl=0.04 LK1
boso [7.108  |2.20% |5 10 /=35 1>1
300 | 10 8.10 |20 | 4.10° V=83 D1

The magnetic field was admitted to be 0.5 gauss in these

estimations. The rest quantities approximated to the first
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figure were taken from Mitra's book [1}. Tﬁe latest data
obtained from rocket ond sputnik measurements were not used
in our estimations as they would not essentially change our
results.Ffrom the given table it is seen that up to the height
of about 200 km. the Earth magnetic field does not effect on
fhe small scele turbulence. At greater heights this effect
may exist but the.mean free path there is of the order of
magnitude of a kilometer.Therefore, the scale of oorresponding
eddies should be too large to be of interest in the gtudy of
scatferln« of radx%aves. ‘

| Thus, we know the order of magnitude of the product
‘u {o' o It is-equal bo the kinematic v1scousity V. HOWEVer‘, We}

annot gay anything. concrete separately about scales and
ve1001t1es of the ‘minimum eddies. For this we need to know
gome other charaoterhstic of turbulence from the experiment.
In the 001ent1iic 1iterature there are 1ndirect conclusions
on the behaviour of the turbulence-power per unit mass Lalong
the vertical | and estmnations of its value [2 3] + Knowing
A.é ' We dan determine‘the value - (4,‘ and‘ {:3-Separately.
Ip adcbﬁdan¢e'Withftﬁevdimenéion theory T'   L    '.

[\,:(J?/a)'/‘f.-_- S a0

'Aé' é; haé%%ery wéak power we neglect ite dependence‘upon
the helght and. 1t increases the. value‘( Indeed dpcordlng
to [2) the value of < 1ncreases from 5 1o4w/k3 in the tro=
Ibdsphere up to 10“%ft the height of about 200 km and its

ratio ‘in the power 1/4 is equal to 37. Teking into account
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that anm" vhere n is the number of molecules in
cm3 and that the mesn free path i also I~ n~' the followirg

ratio may be obtained

Lo Los /5;_)'/"(:1_)'/"_ (11)

— - p—_—

A Xy

Here, the quantities with the index 3 are defined at the
surface of the Barth. ﬁhus, the ratio ‘4Q /A decreases with
decrcase of density <zs n /
‘The value Ny ::2310150m" : Qt the height of 100km 14=4.1013
and (Vto//h)l/4= 30; at fhe height of 250km WM :3.109 and
(N3/n )1/4 = 300. The additional decreage of the ratio 6/
is the result of the growth & . At the surface of the Larth
A & 10™”%cm and 4, ~0.1cm, therefore »fo/x\z 104, Under these
conditions the molecular scale of length may entirely be negié-
cted for the creation of the theory of furbulenoe. At the beha
height of 250 km the value ‘ﬁ,/A decreases up to. 30 or,

nay he, even to ﬁhe smaller values due to the growth of £ .
$till more distinctly.this'situation'reveals whgh considering
turbulence in the interatar gas [ﬁ] . On4the'other hand, it
muy be obvious that iﬁ.orderAto'ensure the mechanism of.
vigscous diséipatioh _(L ghould be'much 1Qrger.than tﬁe

mean free path as aslthe gradiénts-of veldcities are gmall

dnd for their equaliﬂation a iarge humber of collisionsAof-mo~
should ex1st. This contradlctlon makes us apply the known
resulte of the theory of turbulence, whlch are true and valid

for the dense tropoéhere, to the rarefied gases- only very

carefullg.To create the theory of ‘turbulence for the rare-.

fied gases we»should,vapparently,'take also a mean free path
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as & scale of lcngth. It may be shown that to - assune go is
the Bame aa to take into account the compr9591bility of
fluids (the viscoslty J has fhe order of magnltude of -
the produot of the sound speed and the mean free path).~\
. Pinally. the practical conclusion may hé as follows*
in splte of all reservations the turbulence in the lower
ionopphere at the heights of 100~ 150 km.is apparently gi-
milar to the ordinary atmospheric turbulence and the in-
fluence ufthe Larth magnetic field may be taken into |
account as a small correction; I would like to thank Prof.

AJM. Obukhov and Dr AiSa Monln for helpful dlscussions.
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THE SMALL-SCALE FEATURES OF TURBULENCE
AND THEIR RELATION TO SCATTERING OF RADIO WAVES

SCATTERING O VAVES AKD HICROSTRUCHIURE UF TURBULENCE

IN Tiill ATMOSPHERE.
A. M. Obukhov

Summazry

The phenomenon of radio wave-scattering on random inho-
mogeneities (tﬁrbulence) attracted the attention of radio-
engineers over the recent 10 - 15 years., A systematic study
of this phenomenon may give a valuable information about
microstructure of turbulence in the different layers of
the atmosphere. |

There is an analogy in the theoretical treatment of the
problem on scattering for the sound waves and radio waves
by turbulence. The theory provides a relation between the
characteristics of the scattering and the turbulent spectrum
in the geﬁeral case of homogeneous turbulence ( the isotro-
pic character is not assumed here). Thus, experimental de-
termination of the turbulent gpectrum and verification of
thé hypothesié about the isotropic character of turbulence
oh the basis of observations of the wave-scattering (radio
or sound) becomes possible.

some results of experimental investigations of the sound-
scattering by turbulence in the surface layer of the atmos-
phere were published by Kallistratova,l959. This "experiment
in nature" showed an applicability of a new method to the stu-

dy of the turbulent spectrum. For control, independent mea-
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surements of turbulent characteristics wefe made by routine

methods. :;3
The differences in physical parameters characterizing

the refraction coefficient for radio waves in the tropos-

phere as well as in the ionosphere do not abolish the

possibility;of'utilizing the similar interpretation method.

A principle scheme of experiments for obtaining the

quantitative characteristics of the spectrum of turbulent

fluctuations of the refraction coefficient (electron den-

gity) in the ionosphére might be suggested.
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